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(54) CHOC05 M3rOTOB/lEHl4fl rOOPUPO- 
BAHHOfO CTA/JbHOrO n/lACTblPfl 
(57) CyiUMOCTb M3o6peTeHi4w: TepMoo6pa6oTny 
n/iacrupa TOKaMM Bwcoxoa **acTOTbi ocymecT- 
8/i«k)t nocne ro<t>pMpoaaHn»» a cM33osnbia 
c/iofl HawocflT noaropHo noc/ie ox/ia^ent**. 
npeA^araeMbJ^ cnocoS no3eo/»»eT aa <xeT no- 
BwmeHMfl onacTMMMUx cbo&ctb MeTan/ia na- 
Aeacno o6ecneM«Tb repMe™3auw»o 
peMOHTupyeMOro ysacxKa CKBa^cMHW. 1 Ta5/i. 



Waoeperenvte othocwtcp k o6pa6oTice Me* 
Ta/wa AaB**Hv*eM> a m3cthocth k TexHonorww 
MsrOToanewnR ro4>pwpoa3HHbix rpy&. 

OcHoanuMM onepaumiMvi b TexHo/iorwMe* 
ckom npouecce nsrOTOBneHWH tohkoctchhmx 
rcxfrpHpoBaHHWx Tpy6 aa/metca xonoAna* Ae- 
4>opMai4i*a. WipwMep BQ/ioMeni*e w npoxaTica 
Tpyb. xwMM^ecKaR o5pa6oTica, YepMH«tec*a« 
o6pa60TKa An» cwatm« oct3tomhwx Hanpaxe- 
hw*, BOSHwcaioiuwx b pe3y/*btaYe Ae<>opMa- 

UVW H np04>W»KpOBdHHSI MeTOAOM H3K3TICM. 

M38CCTQH CnOC06 i13rOTOB/\€HM5> Tpy6 C 

npoAonbHi^MW rotfrpaM* nyreM AayxSTanHoro 

<t>OpMOB3HMR Tpy6bi-33rOTOBKW. npMM6M na 

nepBOM arane ee ro^pwpyior paAMa/ibNUMW 

yCMUMRWM. a Ha BTOPOM 3T3H0 o6*VtMaK)T B 
np04>VW1MpOBaMHOV% BOAOIce- 

OAHato ©oaHMica^iUMe e pe3ynbTaie 

CAOMHOfl A^4>OpMaHMM OCT3TOHHWC HanpHMB* 

hhr Me Aaicyr AocraTfMMO* noncpeHMOft npoM- 

HOCTM, M^ian^ CTaHOBMTC» XpyniCMM M 



HenpMfOAQH b K34ecTae .uiacTwpn npn peMOH- 

T8 06CaAH0A KOHOHMW a CKOa>iCVtM€. 

CHATM* OCTBtOMHUX Manp»*eHMtf Tpy- 

6unoABepraK>TiepMwiMecKoft o6pa6oTKe - ot- 
jKvtry o nevax Tuna nCO-06 wn* r^O-09 w 
nonyveHMfl Ha Tpy6ax otcwcnoCi nnenjcu. bw- 
no«M«K>iue<t <J>yHKi\wn noAMaaoMHoro noKpw- 
tmh m o6noAa*>meft AOCTaTOMHOw 
nopwCTOCTbio w aACOp6uwionMO^ cnoco6HO- 
cTu«o k cwa3<e. 

VtSBecreH Taioxe cndco6, npvi kotopom 
TOMicocTeHHbie npo$w/ibHue TpyOw npaapr 
pacTWXQOHMCM m paaAS^B c MarpeeoM «a aneic- 
TpoTepMvmecKOM o6opyAoeaHMM, CHa^ana 3a- 
rOToexy Tpy6w HarpeBaiot tok3mvi 
conpotHBWMvia ao TeMoepaTyp* oxxura. a 
aareM nocne ox/iaxAeHw* pa3Aa»or npn homo 
uim xohwm6ckoA onpasKM. 

HaAOCraroK cnoco6a 3ai^«5MaeTCw a tom. 
hto npM Mano>iceHMvi nnacTbip* 1^3 HBOToxoKen- 
Hb>x Tpy6 j*o*eT «ipowcxOAMtb p33pue no 
npo<|>M/ibrtO^ oOpaayomevY a npw «ano>KeH^ 
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n/iacrupfl us OTo*>xe>iHbix Tpy6 c nocneAyKr 
iumm ro4>pKpoeaMweM Mo^er nponcxOA"T b 06- 
pd3oeaMwe.M(fl»cpoipeiUMH bo 8naAHMax v\ na 
Bwcrynax npoAO/ibnux ro4>P npu Ae<J>opM3i*vin 
wx ao uwnv^APwsecKOri <J>opMW, KorAa ee nnot- 
ho npw)KMMaK)T (HaK3Thiaa»07) Aophvipyiome^ 
ro/iOBXG* * anyTpeHMe^ noeepxtioc™ o6caA~ 
ho* xo/ioHMbi. B pe3y/it>T3Te ne o6ecnem4B3- 
ercA HaneiKHOCTb repMeTM3auwn w3-aa 
MM3K0W n^acTwsHOCTvi MeTan/ia rcuppwpoeaH- 
HOro nnacTwpH, 

Uenb»o M306peTeHn« *B/iAe*rcA noBuwe- 
Hue HaA©»<HOCTM repMerwaauMM o6c3tfeHnoa 
ckb35Kwhu nyreM noBbiiueHM« nnaCTt^HOCTw 
MeTanna rmacTwpa, 

CyiUHOCTb M3O6p0TGHUlfl 3aK/l*NaeTCa B 
TOM. STO TepM006pa60TKy T0K3MH BblCOKOW Ma- 

ctotu ocyweCTB/iatOT nocne ro^pwpooaHWfl, a 
.aaTeM nosropHO Ha hoc at CMa30MHbift cno*. 

B pe3ynbtaTe 3HaKonepewenHbix Ae<J>op- 
MauuA, KQTOpwM noABepraeicfl Metanna tpy6 
npw ro<>p^p06aHHii kax b npouecce w3roroB- 
iieHMfl nnacTbipew. Tax m npw pa3Aase e npo- 
uecce yCT3M0BKVI 8 CKBaXUHaX, HpOMCXOAHT 

3HaMMTenbHoe ynpoHH6Hne Meianna. npwMeM 
Haw6o/ibiune 3HaMeHw« ynpOMHeHUt* npwxoA" 
htch K3 BnaAviHbt ro<^pMpOB3HHbix Tpy6. 

M3MeHeMwe tbcpaoctm (Hv) CTanw MapKM 
10 npw TepM006pa6oTxe. ro<t>pwpoeaHM* vi 
pa3Aane rinaCTbipa noicaaano b 7a6nv*ue. 

1/13 Ta6nviuw 8MAH0. MTOTeepAOCTb MeTan- 
Aa n/iacTb?p» nocne pa3Aa*w a oScaAHOftTpy- 
6e AOCTuraeT HawSonbujwx anaMeHMfr, ec/w 
n/iacTbipb M3roT3BnviBanca w3 HeTepM0o6pa- 
eoTaHHoCi Tpy6w. Hp* n3fOTOBneHH« n/iacTw- 
peft H3 npeAeapviTenbHO TepMoo6pa6oTaH«bix 
xpyr/ibix Tpy6 npu ro<J>pvtpoBaHwv\ TeepAOCTb 
HecxOfibKocHUJKaeTc* n ocpaBHeHMK)C Herep- 
MOo6pa6oTaHHUM»4 3aroTOBxaMH. ho nocne 

pa3A9MW TBCPAOCTb B03paCT3eT HOMTM ao to* 
*e BeflVWWHbl. MTO M 6e3 T€pM006pa60TKM. Ho- 

cne TepMunecKoa o6pa6oTxn ro<J>pwpoBaHHbix 
Tpy6 c narpeaoM tok3mw eucoxovi mbctotw 

TBepAOCTb WIX CMMXC3CTCJI 3HaHWT6/lbH0. 3 00" 

c/ie paaAftHM oHa Menbiue. mcm y HeiepMOo6- 
pa6otaHHwx. 

B oTjiwwe ot neMHoro una ra30Boro na- 
rpeaa npu o6pa6oTKe 3aroToexn ToxaMM ewco- 
ko* MactOTW npovicxoA^T He3HaMMTe/ibH0e 
M3MeHeH>«e <t>opww ee npo^wia. Ha nooepxHo- 
CTvt Tpy6u o6pa3yeTc« tohkh* enow oxanwubi, 
KOTOpwH Me oTcnaweaeTCH b npouecce Ae<t>op- 
M8UWM - pa3Aaw. CMa30MHbw c/iow HanocHT- 
CP Ha BHyrpeHHiOfO no&epxHOCTb 
oTo^eHHwx npoAonbHo-ro<})pwipoBaHHbix 
Tpy6 noc/ie uxoxnaxAewwn. Om npeAOxp3H«eT 
BnyrpeHHioio noaepxMOCTb ot xopp03nOHHoro 
pa3pyujeHw» b npouecce 3KcnnyaTauMn mcmm- 
jxenun oceobix ycwn^w e npouecce pa3A3^w 
nnaCTbtpei^. 



[1 p m m 6 p. Ana peMOnra o6cbahoi4 ko- 
noHHbi A"» M eTpoM 146 mm c TontunHoCi ere**** 
8 mm nnacrwpb n3roraBnMea»OT M3 tohkOCtcm- 
ho* Tpy6bi A^aMerpOM 130 mm c toaiumhom 
5 cTeHxn 3 mm n3 cianw Map^n 10. flnwHa Tpy5w 
9-11.5 m. 

Ha BHyTpeHHioK) noaepxHOCTb rpy6w na- 
hocqt enow rpa<t>uTOBOw Mnw Apyoi^ CM33KM. 
npeAHa3H3MCHHOi?i A** chmxcchwh ycM/inw ro<p- 
10 pMpoB3HMfl. To^pvipoeaHMe uv»nv»HApMMecKO^ 
TpyOw npon3BOAJ»T na cneunanbHoft ycTaHOB- 
xe nepe3 po/iMKoeyio roJiOBxy c BHyTpeHHew 
npo<J>wAbHO^ onpaexoft. no/tyMaerc* npoAonb- 
H0-ro^pvipOBaHHa» Tpy6a c HapywnwM A^a- 
15 MeTpOM 116 mm n hhcaom ro<t>p 6 wnvt 8. 3aTeM 
npon3BOAnTC« pwxTOBKa ro^pupoBahHOfi rpy- 
Ow nocAe oTpesxn ee Ha 3aAawHyK> A^^ny. 

3aieM npon360AHTCR TepMMMecxaR o6pa- 
6oTi<a npOAOAbHo-ro<t>pwpoBaHHO^t rpy6w - 
20 HOpManviaauww c narpeBOM TOKaMM awcoKOft 
MacTOTbi na ydatiOBxe BMT 30/6. Hpvi stom 
npoAOnbHO-rocppupoeaHHafl Tpy6a ycTaHaa- 
AMBaeic^ ropvisoHTanbMO na poamkobux ono- 
p3x ^ c onpeAe/ienHOfl cKopocrb«> 
25 npoAB^raercfl sepe3 vihayktop. 

Oxna>KAeHMe Tpy6bi npow3BOAV»TCfl na 
ao3Ayxe. CM33K3. KOTopan 6wna HaHeceMa ne- 
peA ro<t>pwpoBaHneM. awropaeT. 

Tax Kax b cxea>KHH8 npn ydaHOBKe nna- 
30 CTbipfl a KwepBa/ie peMOHia npow3BOAWTCfl 
pa3Aa^*a n/iacTWpfl AO xpyrnovi <J>opMb< m npw- 
*3TH* k cieHKe o6c3AHOi?i Tpy6w. to npw stom 

B03HMK3I0T 60AbUJHe KOHT3KTHbie Harpy3KH 

Me)KAy n/racTwpeM h wHCTpyMeHTOM aa» pa3- 
35 Aasn. Ana CH*xeHM» $twx H3rpy3ox Ha aHyT- 
peHHio»o noaepxHOCTb nAadbipn HaHocnTC5» 

BTOpWMHO CMa30MHWii C/10ti, KOTOpW0 C/iy)KWT 
KBK AAA CHH>KeHt1fl yCMHMCt. B03HHK3K)IUMX npH 

pa3A3«e n/iacTupft, Tax v\ aah npeAOxpaHeHwft 
40 3toi^ nosepxHocTw ot Koppo3woHHora paspy 
iueHW« e npouecce axcnnyaTau"**. 

CoMeTanHB TepMvmecxovi o6pa6otKH nna- 
CTwpeft nocne ro^pupoaaHMfl w HansceHwe 
CMa30HHoro cnofl na BHyTpeHHioK) noeepx- 
45 HOCTb nocne TepMMMeexoft o6pa6oTxvt no3BO- 
nflK)T noBwcMTb nnaCTviMHOCib MeTanna 
nnacTwp o6ecneMnTb 6naroAap« 3TOMy na- 
AencHocTb repMeTM3auwn peMOHT^ipyeMOvi 

' CKBaXVtHb). 

50 

ct> opMyna M3o5pef eMvt» 



Cnoco6 waroTOBneHMft ro^pupOBaMHoro 
CTanbHoro nnacTwpfl. npeMwyiuecTBeHHO An» 
55 peMOHTa o5ca>KeHHo^ CKsaxwHW. BK/no^aK)- 
\m* TepMOo6paGoTxy aarOToaxn. HaneceM^ie 
CMaaOMHOro cno« na BHy Tpe h h k) 10 noeepxHocrb 
3aroT08xn m ee ro4>P"pOBaHwe. OTnwnaioiUM^ 
c « TeM. <rro, c uenbH) noBwiueHw HaAoxnocnA 
repMen433Uwvi o6ca>xeHHO(i cxb.ixumw nyteM no* 



BEST AVAILABLE COPY 



i 

! 



5 



1749267 



6 



BbiweHW* nnacTMHHoc™ MeTanna n/iacrwp*. ocyu4eCT0/i«K>T nocne ro^r^PoeaHi4». a 3sieM 
TepMoo6pft5oTKy roicaMM oucoKoa MacTOTW noBropno hbmoc*t cMaao^b** c/io*. 



t/lcxOAHOe COCTOn- 
nwe Matcpwa/ia 



Ao ro4>pMpoeaH*a 



Bwn o6ds6otkh 



floc/ie rcxfrpvtpo- 



nocne ro^piipooar 
HMA (nopMannad- 
UM«) c narpeBOM 

TOKSMM BUCO" 
KOW 43CTOTbU 



Hoc/ie pa*Aa M " 



Boa TepMoo6pa- 
C xepMOoSpaBOT- 
Bes T«pMoo5po" 

60TKI4 



1570 



1350 



1570 



1750 



1660 



1750 



1350 



2020 
1966 

1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 



1749267 
2 



unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 



1749267 
5 

increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 
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